The purpose of the investigation was to determine the short-term influence of the addition of linseed oil (LO) and Se as selenate (SeVI) on the concentration of fatty acids (FA), especially conjugated linoleic acid (CLA) isomers, in the spleen, pancreas, and kidneys of lambs. The experiment was carried out on 20 lambs (25±2 kg) allotted to 4 groups of 5 animals each. For 35 days the lambs were fed a basal diet composed of concentrate and hay (control group; C) or supplemented with: 5% linseed oil (group LO), 2 ppm Se as SeVI (group SE); combined addition of LO and SeVI (group LOSE). The results showed that short-term feeding of lambs with the diet enriched with LO, irrespective of the presence of SeVI, increased body weight gain and feed conversion efficiency compared with the control and SE groups. Feeding LO and SeVI most effectively stimulated the accumulation of Se in the spleen and pancreas. The diet with LO most efficiently increased the level of cis9trans11CLA (c9t11CLA), the sum of ct/tcCLA, ttCLA, all CLA isomers, and FA containing conjugated double bonds in the spleen and pancreas. The c9t11CLA/t10c12CLA ratio was highest in all assayed organs of lambs fed the diet with SeVI. The diet with LO, irrespective of the presence of SeVI, increased the concentration sum of monounsaturated FA and all FA in all organs compared with the C and SE groups. The LO and LOSE treatments decreased the values of the atherogenic and thrombogenic indexes in the spleen and pancreas compared with the control and SE groups and increased the concentration of polyunsaturated FA in all organs as compared with the same groups. Feeding lambs the diet enriched in LO or SeVI increased the value of the ∆9-desaturase index in the pancreas compared with the control and LOSE groups, while decreased values of this index were found in the spleen and kidneys of lambs fed the LO, SE, or LOSE diet. Our results of feeding diets with LO and SeVI constitute useful information for nutritionists carrying out further investigations to improve performance and the nutritional quality of feed for ruminants.
INTRODUCTION
The different geometric and positional isomers of conjugated linoleic acid (CLA) differ in their influence on the health of mammals (Belury, 2002; Park and Pariza, 2007; Park, 2009; Husvéth et al., 2011) . The cis9trans11CLA (c9t11CLA) isomer possesses anti-carcinogenic properties (Ip et al., 1999; Whitlock et al., 2006) , while the trans10cis12CLA (t10c12CLA) isomer decreases the body fat content of animals in a dose-dependent fashion (Petersen et al., 2002; Park and Pariza, 2007) . The significant physiological effects of CLA isomers on mammals have stimulated efforts to establish methods of increasing the concentrations of CLA isomers in the body of mammals. The CLA isomer concentration in ruminants is higher compared with non-ruminants, while among ruminants, ovine tissues are characterized as having the highest CLA isomer content, especially c9t11CLA (Szumacher-Strabel et al., 2004) . Previous studies demonstrated that the CLA isomer content in the body of sheep is altered by oil supplemented to the diet (Czauderna et al., 2004a,b; Raes et al., 2004; Szumacher-Strabel et al., 2004; Niedźwiedzka et al., 2008) . Moreover, in numerous studies it has been found that diets enriched with vegetable oils, fish oils, or fish meal rich in polyunsaturated fatty acids (PUFA) decreased the content of saturated fatty acids (SFA) in the body of ruminants and their milk and increased the content of valuable monounsaturated fatty acids (MUFA) (cis-MUFA and trans9C18:1 or trans7C18:1), CLA isomers, other PUFA, and non-CLA fatty acids containing conjugated double bonds (CFA) (Raes et al., 2004; AbuGhazaleh, 2008; Cho and Kim, 2011; Kupczyński et al., 2011) . Linseed oil (LO) should be incorporated into animal diets because of its unique fatty acid composition, including especially a high level of essential linolenic acid (c9c12c15C18:3; αLNA). Our previous studies documented that diets enriched with LO resulted in an increase in the level of unsaturated fatty acids (UFA), especially PUFAn-3 and sum of CFA (ΣCFA) in the liver, adipose tissues, and muscles of sheep (Czauderna et al., 2004a,b; Niedźwiedzka et al., 2008) . Importantly, dietary αLNA is the essential substrate (a precursor) for biosynthesis of long-chain PUFA n-3 (LPUFAn-3) in animal and human tissues (Niedźwiedzka et al., 2008) . Fortunately, increasing the concentration of LPUFA, especially LPUFAn-3, and decreasing the content of atherogenic and thrombogenic SFA (A-SFA and T-SFA) in the body of ruminants and food derived from them, without lowering their organoleptic quality, is an effective way of helping humans to meet nutritional guidelines recommending increasing consumption of unsaturated fatty acids (Ulbricht and Southgate, 1991; Murphy et al., 2007) . Unfortunately, numerous studies have indicated that an increase in the concentration of UFA, especially PUFA, in tissues stimulates oxidative stress in animals and humans (Devasagayam et al., 2003; González and Tejeda, et al., 2007) . Considering these facts, an adequate content of LO in diets together with antioxidants, like selenium (Se) compounds, is crucial for the good health of farm animals and humans (Tapiero et al., 2003; Burk and Hill, 2005; Navarro-Alarcon and Cabrera-Vique, 2008) . Indeed, Se compounds have the ability of removing reactive oxygen species and radicals (Rayman, 2004; Burk and Hill, 2005) . Half of the known seleno-proteins have been implicated in antioxidant functions, and seleno-cysteine is in the active centers of Se-enzymes that carry out redox reactions (Tanguy et al., 2003; Suzuki, 2005) . Consequently, in numerous studies on animals it was found that the level of PUFA in their tissues was positively correlated with the content of Se in the diet (Crespo et al., 1995; Tanguy et al., 2003; Yu et al., 2008) . Thus, we hypothesized that the addition of selenate, an unreactive inorganic Se compound, to a diet enriched with LO would stimulate the accumulation of UFA in the internal organs of sheep. Considering the above, the aim of current study was to investigate the short-term effect of a diet enriched with selenate (SeVI), as an antioxidant, and LO on the concentrations of fatty acids, Se, Zn, Fe, Ca and Mg in the spleen, pancreas, brain and kidneys of sheep. These organs were selected for investigation as they are physiologically important for mammals.
MATERIAL AND METHODS

Animals, housing, diets and experimental design
Twenty male Polish Merino lambs with an average initial body weight (BW) of 25±2 kg were allotted to 4 groups of 5 animals and housed individually. The lambs were housed and handled in accordance with protocols approved by the Local Animal Care and Use Committee. During a one-week preliminary period the lambs were given ad libitum access to a standard concentrate-hay diet with a vitamin and mineral premix (the basal diet; Table 1 ). This basal diet contained: 120 g crude protein, 120 g crude fibre, and 11 MJ metabolizable energy per kg dry mater (DM). The total concentration of Se in the basal diet was 0.1 ppm. After the preliminary period, for 35 days the lambs were fed the basal diet (control group), the basal diet enriched in either 5% LO (group LO) or 2 ppm Se as sodium selenate (SeVI) (group SE), or the experimental diet with the combined addition of 5% LO and 2 ppm Se as SeVI (group LOSE). The fatty acid (FA) profile of LO and the other components of the diet are shown in Table 1 . The diets were adjusted weekly to ensure ad libitum access to feed; the lambs were weighed weekly. The animals were slaughtered at the end of the 35-day experiment. The spleen, pancreas, and kidneys were removed, weighed and frozen. Data on the relative body weight gain (BWG, %) of lambs, feed conversion efficiency (FCE; kg body weight gain/kg feed intake), mean body weight gain per day (BWG/day), and mass of removed spleens, pancreases, and kidneys after 35 days of feeding the experimental diets are summarized in Table 2 . For quantification of fatty acids and elements (Se, Zn, Mg, Ca and Fe), samples of spleen, pancreas and kidneys were lyophilized and the obtained residues were stored in sealed tubes at -20 o C until analysed. The concentrations of all fatty acids and elements were calculated from lyophilized spleen, pancreas, and kidney samples. 3 masses derived from fresh internal organs per 1 kg of final mass of lambs; 4 C -the basal diet composed of concentrate and hay; LO -the diet with 5% linseed oil; SE -the diet with 2 ppm Se as SeVI; LOSE -the diet with combined addition of LO; and SeVI; 5 kg mean body mass gain per day (BMG/day = (m 35days -m initial) /35); 6 freeze-dried samples of whole blood Chemicals HPLC-grade acetonitrile and n-hexane were purchased from Lab-Scan (Dublin, Ire land), other reagents were of analytical grade (POCh, Poland). A CLA isomer mixture, c9t11CLA, t10c12CLA and other fatty acid standards and sodium selenate (Na 2 SeO 4 ) were provided by Sigma (USA). Acetone, dichloromethane, glacial acetic acid, methanol were purchased from POCh (Gliwice, Poland). Linseed oil was provided by APA Polska, Kobylnica near Poznań (Poland). All other chemicals were of analytical grade and organic solvents were of HPLC grade. Water used for the preparation of mobile phases and chemical reagents was prepared using an Elix TM water purification system (Millipore, Canada). The mobile phases were filtered through a 0.45 μm membrane filter (Millipore) and then de-gassed for 2-3 min in vacuum with utrasonication prior to use.
Chromatographic equipment and analytical methods
A Waters (USA) HPLC 625LC system for quantification of underivatized CLA isomers and other CFA was used. The system comprised a 515 pump, a 712 WISP autosampler, a Waters 996 photodiode array detector and two ion-exchange columns loaded with silver ions (250 × 4.6 mm Chrompac ChromSpher 5 μm Lipids columns; the Netherlands) in conjunction with a 10 × 3 mm guard column. CLA isomers and other CFA in hydrolysates were determined directly according to Czauderna et al. (2003) .
Base-and acid-catalyzed methylation was introduced for preparation of methyl esters of other fatty acids (FA) in processed biological samples (Czauderna et al., 2007) . FA methyl esters (FAME) were then quantified using gas chromatography according to Czauderna et al. (2009) . The analyses of all FAME were performed on a SHIMADZU GC-MS-QP2010 Plus EI equipped with a BPX70 fused silica capillary column (120 m × 0.25 mm i.d. × 0.25 μm film thickness; SHIM-POL, quadrupole mass selective (MS) detector (Model 5973N) and injection port. FAME identification was validated based on electron impact ionization spectra of FAME and compared with authentic FAME standards and the NIST 2007 reference mass spectra library.
Selenium (via Se 82 ) in freeze-dried tissue samples of spleen, pancreas, kidneys, and whole blood of sheep was determined by the CPI-MS method after tissue sample digestion using a mixture of 65% HNO 3 and 30% H 2 O 2 (2:1, v/v) (Wysocka et al., 2003) . Concentrations of Zn, Mg and Ca in freeze-dried samples of all assayed tissues of lambs were determined by flame (air-acetylene) atomic absorption spectrometry (PU9100X Atomic Absorption Spectrometer, UNICAM, Philips) (Czauderna et al., 2005) .
Statistical analyses
Results are presented as means of 5 individually analysed lyophilized spleens, pancreases, and kidneys of lambs. Mean values in columns having the same superscripts are significantly different at a,b P<0.05 and A,B P<0.01, while differences at α,β P≤0.1 are denoted as tendencies. These one-factorial statistical analyses of the effects of LO or SeVI in the diets were conducted using the non-parametric Mann-Whitney U test for comparing independent experimental groups. Statistical analyses of interactions between LO and SeVI (i.e. LO × SeVI) were performed using two-factorial ANOVA analysis; the interactions were significant at the x,y P<0.05 and X,Y P<0.01 levels, respectively. Statistical analyses were performed using the Statistica v. 6 software package (2002; www.statsoft.pl).
RESULTS AND DISCUSSION
Effects of the experimental diets on masses of spleen, pancreas and kidneys, and concentrations of Se, Zn, Mg, Ca and Fe in these organs
The diets enriched in 5% LO and/or 2 ppm SeVI resulted in no macroscopic lesions, physiological disorders or pathological changes in the spleen, pancreas, kidneys, liver (Czauderna et al., 2004b) , muscles or in any other tissues of sheep (Czauderna et al., 2004a; Niedźwiedzka et al., 2008) . Indeed, only prolonged consumption of inorganic Se compounds, selenite in particular, at rates of more than 5 ppm Se can be hepatotoxic and teratogenic in humans and animals; furthermore, in contrast to selenide and selenite, selenate is less reactive and toxic in living organisms (Tapiero et al., 2003; Tinggi, 2003; McDowell et al., 2005) . Despite these facts, in accordance with a regulation of the European Commission (EC, no. 1831 (EC, no. /2003 , rations administered continuously to farm animals should contain no more than 0.5 ppm Se. Moreover, in contrast to selenite, selenate (SeVI) added to diets does not react with the components of the ration, or with components of the digesta in the digestive tract of farm animals. Therefore, we argue that the more stable selenate (SeVI) is a better source of selenium in the ration compared with selenite. An extruded mixture of linseed and wheat bran is a good source of linolenic acid; however, the more expensive linseed oil (OL) is a better source of linoleic acid for farm animals.
Considering the above, we carried out a short-term (35-day) study on lambs fed a diet enriched with 2 ppm Se as SeVI and/or 5% LO. The experimental data on body mass gain (BWG), feed conversion efficiency (FCE), mean body mass gain per day (BWG/day), mass of the spleen, pancreas, and kidneys after 35 days of feeding the experimental diets are summarized in Table 2 . The results showed that short-term feeding of the diet supplemented with LO to lambs significantly increased (P<0.05) BWG, FCE, and BMG/day, so consequently decreased feed intake (Niedźwiedzka et al., 2008) compared with the control group and lambs fed the diet with SeVI. Similarly, the diet enriched in LO and SeVI elevated BWG (a statistically significant interaction; P<0.05) and FCE in comparison with the control or SE diets. Interestingly, the extra SeVI in the diet (SE) resulted in a minute increase in BWG and FCE. These results thus document that short-term feeding the diet containing 2 ppm Se as SeVI is not harmful to lambs and also does not reduce the mass of spleen, pancreas or kidneys (Table 2) . Our previous studies also indicated that the diet enriched with 2 ppm Se as SeVI does not reduce the mass of M. biceps femoris and M. longissimus dorsi (Niedźwiedzka et al., 2008) . On the other hand, the diet supplemented with LO, regardless of the presence of SeVI, decreased the mass of the pancreas compared with the control and SE groups.
The current study also investigated the relationship between the experimental diets and concentrations of Se, Zn, Fe, Ca and Mg in the spleen, pancreas, kidneys, and whole blood of sheep. As can be seen from the results presented in Tables 3, 4 and 5, the diet enriched in LO and SeVI most efficiently stimulated the accumulation of Se in the spleen and pancreas, whereas the accumulation of Se was practically the same in the kidneys of lambs fed the diet containing both LO and SeVI and the diet enriched with only SeVI. These results suggest that Se is preferentially accumulated in the kidneys, as the addition of LO to the diet with Se did not change the amount of Se in this internal organ compared with the diet containing SeVI only. Indeed, the kidneys are a special site of plasma glutathione peroxidase activity because many free radicals and other harmful products stimulating oxidative stress are formed there (Artur et al., 1996) . On the other hand, the diet enriched with only LO slightly decreased the concentration of Se in the spleen, pancreas, kidneys, and whole blood (Table 2) . Moreover, the addition of LO to the diet containing SeVI also reduced the concentration of Se in blood in comparison with the SE group. These results are consistent with our previous studies in which the concentration of Se was lowest in the liver, heart, and muscles (M. longissimus dorsi and M. biceps femoris) of sheep fed a diet enriched in LO (Czauderna et al., 2004a,b) . Considering the above, we suggest that dietary LO exerted oxidative stress and therefore the concentration of Se, an essential element of anti-oxidative Se-enzymes, was lowest in the internal organs and muscles of sheep fed the diet containing LO. On the other hand, all of the experimental diets showed a negligible effect on accumulation of Zn and Mg in the spleen, pancreas, and kidneys. The results the presented study document that all of the experimental diets decreased the concentration of Mg and Ca in whole blood of lambs compared with the control group. The addition of LO to the diet, irrespective of the presence of SeVI, decreased the concentration of Ca in the spleen and pancreas, whereas the diet with only SeVI stimulated the accumulation of Ca (+22%) in the pancreas compared with the control group. The results of our study document that changes in blood Ca concentrations (Table 2) correlate well with changes of Ca concentrations in the spleen (Table 3) . A similar good correlation was found between the concentration of Ca in the pancreas and in the blood of sheep fed the diet with LO, regardless of the presence of SeVI.
Feeding the diets enriched in LO and/or SeVI did not consistently or significantly change the concentration of Fe in the spleen and blood, whereas it slightly decreased the level of Fe in the pancreas and kidneys in comparison with the control group.
Considering the current results and our previous studies (Czauderna et al., 2004a,b; Niedźwiedzka et al., 2008) , we suggest that none of the experimental diets stimulated abnormal deposition of Ca (calcification), Mg, Zn, or Fe in sheep organs. Table 2 ; 2 below quantification limit (L Q -defined as 10 times the average noise level) (Czauderna et al., 2003) ;
3 the concentration ratio of c9t11CLA and t10c12CLA; 4 atherogenic saturated fatty acids: the concentration sum of C12:0, C14:0 and C16:0; 5 the atherogenic index = (C12:0+4*C14:0+ C16:0)/(MUFA+PUFAn-6+PUFAn-3) (Ulbricht and Southgate, 1991) ; 6 thrombogenic saturated fatty acids: the concentration sum of C14:0, C16:0 and C18:0; 7 the thrombogenic index = (C14:0 +C16:0+ C18:0)/(0.5*MUFA + 0.5*PUFAn-6 + 3*PUFAn-3 + PUFAn-3/PUFAn-6) (Ulbricht and Southgate, 1991) ; 8 a sum of transC18:1 (t6C18:1, t7C18:1, t9C18:1 and t11C18:1); 9 the ratio of SFA and PUFA; 10 Δ9-desaturase index = c9C18:1/(c9C18:1 + C18:0)
Effects of dietary LO and/or SeVI on the concentration of CLA isomers in the spleen, pancreas, and kidneys
It was found that dietary LO most efficiently increased the concentration of c9t11CLA, the sum of ct/tcCLA, ttCLA, and all CLA isomers (ΣCLA) as well as the sum of ΣCLA and ΣCFA (Σ(CLA+CFA)) in the spleen and pancreas compared with the control sheep and other experimental groups (Tables 3 and 4) . Moreover, detailed analysis of these results showed that dietary LO most efficiently increased the concentration of t10c12CLA in the spleen, pancreas, and kidneys (i.e, 512%, 249%, and 26% higher than in the control organs, respectively). On the other hand, the accumulation of ΣCLA and Σ(CLA+CFA) in the kidneys was stimulated by the simultaneous addition of LO and SeVI to the diet as compared with the control, LO and SE groups. As can be seen from the data presented in Tables 3, 4 and 5, the diet enriched in LO most efficiently increased the concentration of t10c12CLA in the spleen, pancreas and kidneys (i.e.: 512%, 249%, and 26%, respectively). Considering the above, we argue that dietary LO stimulated the isomerization of dietary c9c12C18:2 (LA) into t10c12C18:2 in the rumen of sheep. The addition of LO to the diet with SeVI also increased the capacity of isomerization compared with the SeVI diet, therefore the concentration of t10c12CLA in all examined organs in lambs of the LOSE group was higher than in the SE group. In contrast, the addition of SeVI to the diet most efficiently decreased the yield of this isomerization, so the concentration of t10c12CLA in all assayed organs was smaller than in the control, LOSE, and LO groups. As expected, therefore, the concentration ratio (R c9t11CLA/t10c12CLA ) of c9t11CLA to t10c12CLA was higher in all assayed organs of lambs fed the diet with SeVI than in the control, LO, and LOSE groups. Consequently, the addition SeVI to the diet with LO increased the values of the R c9t11CLA/t10c12CLA ratio in all organs in comparison with the LO group, although these values were lower than in group SeVI. On the other hand, dietary LO most efficiently decreased values of R c9t11CLA/t10c12CLA in all examined organs compared with the control, SE, and LOSE groups.
Feeding LO with or without SeVI increased the concentration of ccCLA in kidneys and that of CFA in the spleen compared with the control group. Therefore, we suggest that CFA are preferentially accumulated in the spleen when diets enriched in LO or SeVI are fed. 
Effects of dietary LO and/or SeVI on the concentration of other fatty acids in the spleen, pancreas, and kidneys
The results of the study documented that the addition of LO to the diet, irrespective of the presence of SeVI, increased the concentration sum of MUFA and all assayed fatty acids (ΣFA) in all organs compared with the control and SE groups. On the other hand, all experimental diets increased the concentration of A-SFA, T-SFA and SFA in the spleen and kidneys compared with the control group. A similar effect of these experimental diets was found in subcutaneous fat tissue and blood plasma (Niedźwiedzka et al., 2008) . In contrast, the experimental diets decreased the concentration of A-SFA and T-SFA in the pancreas, liver, muscles (M. biceps femoris and m. Longissimus dorsi), and perirenal fat tissue (Niedźwiedzka et al., 2008) compared with the control group. Considering our present and previous results, we argue that the effect of additives in the diet on the concentration of A-SFA and T-SFA is dependent on the type of internal organ and tissue of sheep.
As can be seen from the results summarized in Tables 3 and 4 , the LO and LOSE treatments decreased the values of the atherogenic and thrombogenic indices (A SFA index, T SFA index) in the spleen and pancreas compared with the control and SE groups. Indeed, the significant increase in the concentration of MUFA in the spleen and pancreas resulted in a decrease in the values of the A SFA and T SFA indices in the spleen and pancreas of lambs fed the LO or LOSE diet compared with the control or SE group. On the other hand, all of the experimental diets usually increased the concentrations of C16:0, C18:0 and, especially, C14:0 (P<0.01) in the kidneys compared with the control animals ( Table 5) . As a consequence, the values of the A SFA and T SFA indices increased in the kidneys of sheep fed the LO and LOSE diets with the exception of the T SFA index in the kidneys of sheep fed the diet containing LO. Interestingly, the addition of SeVI to the diet most efficiently increased the concentrations of C14:0, C16:0 and C18:0, whereas least efficiently increased the level of MUFA and PUFA in the kidneys compared with the LO or LOSE groups. Therefore, SeVI added to the diet most effectively increased the values of the A SFA and T SFA indices in the kidneys in comparison with other organs of lambs fed the control, LO, and LOSE diets.
The present studies show that the experimental diets resulted in an increase in the concentration of MUFA in the pancreas and, especially, in the spleen and kidneys compared with the control group. A similar effect of these experimental diets was found in subcutaneous and perirenal fat tissues (Niedźwiedzka et al., 2008) . Moreover, the addition of LO to the diet, irrespective of the presence of SeVI, usually more efficiently elevated the concentration of MUFA and especially c9C18:1 in all internal organs and tissues of sheep compared with the control and SE groups. Interestingly, the diet enriched in LO with or without SeVI increased the concentration of the sum of transC18:1 (ΣtC18:1) in all assayed organs compared with the control group. Similarly, the LO or LOSE treatment increased the concentration of PUFA, especially linolenic acid (αLNA) in all assayed organs compared with the control and SE groups. A similar effect of these treatments was also found in the liver, muscles, blood plasma, perirenal and subcutaneous fat tissues of sheep (Czauderna et al., 2004a,b; Niedźwiedzka et al., 2008) . Concomitantly with this, the LO or LOSE treatment decreased the value of the concentration ratio of SFA to PUFA (SFA/PUFA) in the spleen, kidneys and, especially, in the pancreas compared with the control and SE group. On the other hand, SeVI added to the diet decreased the concentration of PUFA, especially linoleic (LA) or γ-linolenic acid (γ-LNA) in the spleen and pancreas compared with the control group. The current results are consistent with our recent studies, in which SeVI treatment also decreased the concentration of PUFA in the liver, M. biceps femoris and M. longissimus dorsi compared with the control, LO and LOSE groups (Czauderna et al., 2004a,b; Niedźwiedzka et al., 2008) . Considering the above, we suggest that this short-term SeVI treatment exerts a pro-oxidative effect, so the concentration of PUFA decreases in the spleen, pancreas, kidneys, liver and both muscles, and the values of the SFA/PUFA ratio increase in the spleen, kidneys and subcutaneous fat tissue (Niedźwiedzka et al., 2008) compared with the control, LO, and LOSE groups.
As can be seen from the results summarized in Tables 3, 4 and 5, feeding lambs the diet enriched with LO or SeVI statistically increased (P<0.05) the value of the ∆9-desaturase index in the pancreas compared with the control and LOSE groups, whereas small decreases in the values of this index were found in the spleen and kidneys of lambs fed the LO, SE, or LOSE diet. Interestingly, the increase in the value of the ∆9-desaturase index in the pancreas negatively correlated with concentration of C18:0 and C16:0 (the substrates of ∆9-desaturase) in this organ of lambs fed the diet enriched in LO or SeVI (Table 3) . On the other hand, the small decrease in the value of ∆9-desaturase index in the spleen and kidneys resulted in an increase in the concentration of C18:0 and C16:0 in these organs of lambs fed the diet with LO, SeVI or combined addition of LO and SeVI.
CONCLUSIONS
Our current studies show that short-term addition of 2 ppm Se as selenate (SeVI) can be used to increase the concentration of Se in tissues of farm ruminants without adversely influencing performance or causing physiological disorders in the spleen and pancreas, in particular. Feeding linseed oil (LO) and SeVI most effectively stimulated the accumulation of Se (an essential element) in the spleen and pancreas. This is especially important in relation to the spleen, which has important roles in regard to erythrocytes and the immune system, while the pancreas plays important roles in the digestive and endocrine systems of mammals. The current study and our previous investigations documented that the diets enriched in LO and SeVI most effectively decreased the SFA/PUFA ratio in the spleen, pancreas, as well as in the muscles of lambs. This study therefore provides useful information for nutritionists carrying out further investigations aimed at improving farm animal health, performance, and the nutritional quality of feed for ruminants. Further investigation is necessary to determine if dietary selenate and other vegetable oils induce changes in the profiles of fatty acids and other essential elements in ruminant meat that are beneficial to human health.
